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Description 

Background of the Invention 

[0001] The present Invention relates to method and 
apparatus using suppression of eluents lor the analysis 
of anions or cations in ion chronaatography. 
[0002] Ion chromatography is a known technique for 
the analysis of ions which typically includes a chroma- 
tographic separation stage using an eluent containing 
an electrolyte, and an eluent suppression stage, fol- 
lowed by detection, typically by an electrical conductivity 
detector. In the chromatographic separation stage, ions 
of an injected sample are eluted through a separation 
column using an electrolyte as the eluent. In the sup- 
pression stage, electrical conductivity of the electrolyte 
is suppressed but not that of the separated ions so that 
the latter may be determined by a conductivity cell. This 
technique is described in detail in U.S. Pat. Nos. 
3,897,213, 3,920,397, 3,925,019 and 3,926,559. 
[0003] Suppression or stripping of the electrolyte Is 
described in the above prior art references by an ion ex- 
change resin bed commonly referred to as a packed bed 
suppressor (PBS). The PBS requires periodic regener- 
ation by flushing with an acid or base solution. 
[0004] While packed bed suppressors have proven 
useful in ion chromatography, there are a number of dis- 
advantages of PBS. These disadvantages include a) 
periodic regeneration of the PBS which interrupts sam- 
ple analysis, b) a loss of resolution due to band broad- 
ening in the PBS and c) changes in retention of certain 
analytes as a function of the degree of exhaustion of the 
PBS. 

[0005] The volume of the PBS suppressors is gener- 
ally large as to contain sufficient ion exchange resin so 
that the suppression reaction can be performed for a 
large number of analysis (e.g. 15 to 50) prior to regen- 
eration. By making the volume and capacity of the sup- 
pressor sufficiently large, the need to regenerate is less 
frequent which permits a larger number of samples to 
be analyzed before the system must be disrupted to re- 
generate the suppressor. Regeneration typically re- 
quires placing the suppressor out of line of the analytical 
system and pumping a concentrated acid or base solu- 
tion (regenerant) through the suppressor. 
[0006] If the suppressor's volume is too large, the sep- 
aration of the analytes achieved in the separator column 
is compromised due to re-mixing of the analytes in the 
void volume, resulting in lower resolution.. Thus, the 
suppressor volume is a compromise between regener- 
ation frequency and chromatographic resolution. 
[0007] The regeneration process typically requires 
20-60 minutes, depending on the volume of the sup- 
pressor. A strong acid or base solution is first pumped 
through the PBS in order to convert the resin to the acid 
(H3O*) or base (OH") form. After this conversion, deion- 
ized water is pumped through the suppressor until any 
traces of the highly conductive acid or base regenerant 



have been removed. The PBS is then placed back in 
line with the analytical system and is allowed to equili- 
brate before sample analysis is performed. 
[0008] A different form of a suppressor is described 
s and published in U.S. Pat No, 4,474,664, in which a 
charged ion exchange membrane in the form of a fiber 
or sheet is used in place of the resin bed. The sample 
and eluent are passed on one side of the membrane 
with a flowing regenerant on the other side, the mem- 
10 brane partitioning the regenerant from the effluent of the 
chromatographic separation. The membrane passes 
ions of the same charge as the exchangeable ions of 
the membrane to convert the electrolyte of the eluent to 
weakly ionized form, followed by detection of the ions. 
15 [0009] Another suppression system is disclosed in U. 
S. Pat. No. 4,459,357. There, the effluent from a chro- 
matographic column is passed through an open flow 
channel defined by flat membranes on both sides of the 
channel. On the opposite sides of both membranes are 
20 open channels through wrtiich regenerant solution is 
passed. As with the fiber suppressor, the flat mem- 
branes pass ions of the same charge as the exchange- 
able ions of the membrane. An electric field is passed 
between electrodes on opposite sides of the effluent 
25 channel to increase the mobility of the ion exchange. 
One problem with this electrodialytic membrane sup- 
pressor system is that very high voltages (50-500 volts 
DC) are required. As the liquid stream becomes deion- 
ized, electrical resistance increases, resulting in sub- 
30 stantial heat production. Such heat is detrimental to ef- 
fective detection because it greatly increases noise and 
decreases sensitivity. 

[0010] In U.S. Pat. No. 4,403,039, another form of 
electrodialytic suppressor is disclosed in which the ion 

35 exchange membranes are in the form of concentric 
tubes. One of the electrodes is at the center of the in- 
nermost tube. One problem with this form of suppressor 
is limited exchange capacity. Although the electrical field 
enhances ion mobility, the device is still dependent on 

40 diffusion of ions in the bulk solution to the membrane. 
[0011] Another form of suppressor is described in U. 
S. Pat. No. 4,999,098. In this apparatus, the suppressor 
includes at least one regenerant compartment and one 
chromatographic effluent compartment separated by an 

45 ion exchange membrane sheet. The sheet allows trans- 
membrane passage of ions of the same charge as its 
exchangeable ions. Ion exchange screens are used in 
the regenerant and effluent compartments. Flow from 
the effluent compartment is directed to a detector, such 

so as an electrical conductivity detector, for detecting the 
resolved ionic species. The screens provide ion ex- 
change sites and sen/e to provide site to site transfer 
paths across the effluent flow channel so that suppres- 
sion capacity is no longer limited by diffusion of ions in 

55 the bulk solution to the membrane. A sandwich suppres- 
sor is also disclosed including a second membrane 
sheet opposite to the first membrane sheet and defining 
a second regenerant compartment. Spaced electrodes 
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are disclosed in communication with both regenerant 
chambers along the length of the suppressor. By apply- 
ing an electrical potential across the electrodes, there is 
an increase in the suppression capacity of the device. 
The patent discloses a typical regenerant solution (acid 
or base) flowing in the regenerant flow channels and 
supplied from a regenerant delivery source. In a typical 
anion analysis system, sodium hydroxide is the electro- 
lyte developing reagent and sulfuric acid is the regener- 
ant. The patent also discloses the possibility of using 
water to replace the regenerant solution in the electro- 
dialytic mode. 

[0012] Another improvement in suppression is de- 
scribed in U.S. Pat. No. 5,248,426. This form of sup- 
pressor was introduced in 1992 by Dionex Corporation 
under the name "Self Regenerating Suppressor' (SRS). 
A direct current power controller generates an electric 
field across two platinum electrodes to electrolyze water 
in the regenerant channels. Functionalized ion-ex- 
change screens are present in the regenerant chambers 
to facilitate electric current passage with permselective 
ion-exchange membrane defining the chromatography 
eluent chamber, as in the '098 patent. After detection, 
the chromatography effluent is recycled through the 
suppressor to form a flowing sump for electrolyte ion as 
well as providing the water for the electrolysis generat- 
ing acid or base for suppression. 
[0013] The history of ion chromatography suppres- 
sion is summarized in Rabin, S. et al. J. ofChromatog. 
640 (1993) 97-109, incorporated herein by reference. 
[0014] WO 95/06246 relates to an ion chromatogra- 
phy apparatus and method which uses a frequently re- 
generated batch-type suppressor. 
[0015] The present invention provides a method of 
anion or cation analysis by ion chromatography using 
periodic electrolytic chemical regeneration of a packed 
bed suppressor, said method comprising 

(a) chromatographically separating ionic species in 
a first liquid sample to be detected in a water-con- 
taining eluent solution comprising electrolyte to 
form a first chromatography effluent including sep- 
arated ionic species, 

(b) flowing said first chromatography effluent 
through a first packed bed suppressor including 
suppressor ion exchange resin with exchangeable 
ions to convert said electrolyte to weakly ionized 
form during suppression, thereby depleting at least 
some of said exchangeable ions on said suppressor 
ion exchange resin, 

(c) flowing first suppressor effluent including the 
separated ionic species from said first packed bed 
suppressor through a detector in which the separat- 
ed ionic species are detected to form a detector ef- 
fluent, and 

(d) applying an electrical potential through said first 
packed resin bed suppressor while flowing an aque- 
ous liquid stream therethrough to electrolyze water 



in said aqueous liquid stream and thereby regener- 
ate the exchangeable ions on said first suppressor 
ion exchange resin, the application of said electrical 
potential being discontinued during steps (a), (b) 
5 and (c). 

[0016] The present invention also provides an appa- 
ratus for analysis of ions in a liquid sample solutbn, said 

apparatus comprising 

10 

(a) a first reservoir for a water-containing eluent so- 
lution comprising electrolyte, 

(b) chromatographic separating means in commu- 
nication with said first resen/oir for receiving eluent 

15 therefrom, said chromatographic separating means 
comprising a chromatographic separating medium 
adapted to separate ionic species of a sample elut- 
ed therethrough using said eluent solution, 

(c) means for injecting a liquid sample into said 
20 chromatographic separation means, 

(d) a first suppressor comprising an ion exchange 
resin bed in communication with said chromato- 
graphic separating means, 

(e) a detector in communication with said first sup- 
25 pressor, and 

(f) means for applying an electrical potential through 
said ion exchange resin bed of said first suppressor, 
whereby, in use, water in a flowing aqueous stream 
is electrolysed and said ran exchange resin of said 

30 first suppressor is regenerated. 

• Summan/ of the Invention 

[0017] The present invention relates to ion chroma- 

35 tography using electrochemical regeneration of a 
packed bed suppressor. Method and apparatus are pro- 
vided using electrolytic chemical regeneration of a 
packed bed suppressor containing' ion exchange resin. 
Ion chromatography is performed in a conventional 

40 manner by chromatographic separation, chemical sup- 
pression in a packed bed and detection. Thereafter, and 
before a second run, an electrical potential is passed 
through the packed bed suppressor while flowing an 
aqueous stream through it to electrolyze water in the 

45 stream and thereby create hydronium or hydroxide ions 
to regenerate the ion exchange resin. The packed bed 
suppressor with capacity sufficient for several analyses, 
has electrodes embedded in the resin, which permits 
electrochemical regeneration. Electrochemical regen- 

50 eration is performed after one analysis, or after many 
analyses, depending on the capacity of the packed bed 
suppressor In one embodiment, the aqueous liquid 
stream is the eluent. In another embodiment, the aque- 
ous liquid stream is an independent water source, pref- 

ss erably deionized water. In that instance, appropriate 
valving is provided so that after a run, the deionized wa- 
ter is passed through the bed and electrolyte bypasses 
the bed, while the electrical potential is being applied to 
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regenerate the resin. 

[0018] In a further embodiment, a second ion ex- 
change resin bed is used with suitable valving to pass 
liquid streams through the system. In one alternative of 
this system, a second sample in an eluent stream is 
chromatographically separated, typically on a chroma- 
tographic column using an eluent. The eluent and sep- 
arated second sample flow through a second packed 
bed suppressor Including ion exchange resin to convert 
the electrolyte to weakly ionized form. Then, the sepa- 
rated sample ionic species in the suppressor effluent are 
detected in the detector The effluent then flows through 
the first packed bed suppressor, forming the aqueous 
liquid stream required for regeneration and an electrical 
potential is applied and regeneration of the first packed 
bed suppressor is accomplished. The second suppres- 
sor may be similarly regenerated by positioning it after 
the detection cell and flowing through the detector efflu- 
ent of the first sample and applying an electrical poten- 
tial. 

[0019] In another embodiment, the second suppres- 
sor is used solely as a flow-through polishing unit, not 
as a suppressor prior to detection. Instead, an eluent 
solution containing electrolyte flows through the polish- 
ing unit to convert the electrolyte into weakly ionized 
form and form a polished liquid effluent which flows 
through the first packed bed suppressor to supply the 
water source for electrolysis. The polishing unit is regen- 
erated electrolyzing a stream of the first sample effluent 
from the detector 

[0020] Apparatus is provided to perform the above 
packed bed suppressor methods. Such apparatus in- 
cludes a suppressor with an ion exchange resin bed and 
means for applying an electrical potential to electrolyze 
water in a flowing stream and regenerate suppressor ion 
exchange resin after use to suppress the electrolyte in 
the eluent stream. 

[0021] One apparatus uses two packed bed suppres- 
sors with appropriate valving. In one valving embodi- 
ment, in a first valve position, a first sample is sup- 
pressed on a first suppressor and flows through the de- 
tector forming an aqueous liquid stream for regenerating 
the second suppressor while applying an electric field. 
In the second position, the flow is reversed as are the 
functions of the two suppressors. The electrical potential 
Is applied only to that suppressor which is not In the flow 
system upstream of the detector. 
[0022] In the polishing system, only one ion exchange 
packed bed is used as a suppressor while the other one 
is dedicated to providing a polished liquid for regenera- 
tion of the suppressor. The valving is substantially the 
same as the two-suppressor system. 

Brief Description of the Drawings 

[0023] Figures 1 and 2 are schematic views of two dif- 
ferent systems according to the present invention using 
a single packed bed electrolytic chemical suppressor 



[0024] Figures 3 and 3a are embodiments of an elec- 
trolytic chemical packed bed suppressor according to 
the invention in cross-section and expanded partially 
broken away views. 

s [0025] Figures 4 and 4a are side view, partial cross- 
section and a cross-sectional view along the line A-A, 
of another electrolytic chemical packed bed suppressor 
[0026] Figure 5 is a cross-sectional view of another 
electrolytic chemical suppressor. 

10 [0027] Figure 6 is a schematic view of a system ac- 
cording to the invention using two ion exchange packed 
beds, one used as a suppressor and the other as either 
a suppressor or polishing unit. 
[0028] Figures 7 and 8 are chromatograms illustrating 

IS the present invention. 

Detailed Description of the Preferred Embodiments 

[0029] The system of the present invention is useful 
20 for determining a large number of ionic species so long 
as the species to be determined are solely anions or 
solely cations. A suitable sample includes surface wa- 
ters, and other liquids such as industrial chemical 
wastes, body fluids, beverages such as fruits and wines 
25 and drinking water. When the term "ionic species" is 
used herein, it includes species in ionic form and com- 
ponents of molecules which are ionizable under the con- 
ditions of the present system. 

[0030] The purpose of the suppressor stage is to re- 

30 duce the conductivity, and hence noise, of the analysis 
stream background while enhancing the conductivity of 
the analytes (i.e., increasing the signal/noise ratio), 
while maintaining chromatographic efficiency. Thus, the 
following parameters are important to the performance 

35 of the suppressor: (1 ) capacity of the suppressor, meas- 
ured as nEq/mL of the suppressor resin; (2) the volume 
of the suppressor; (3) the ratio of the i.d. to the length 
of the suppressor; and (4) background conductivity 
measured as nS/cm for each device. 

40 [0031] The present invention relates to the intermit- 
tent use of the electric field during electrochemical sup- 
pression to minimize noise during detection of the ionic 
species. Specifically, it has been found that the suppres- 
sor can be regenerated to a sufficient extent to convert 

45 the chromatography electrolyte to a weakly dissociated 
form so that detection can be performed in the absence 
of the electric field. When used in this configuration, the 
requirement for chemical regenerants is eliminated, the 
assembly does not require the use of a membrane to 

50 provide uninterrupted use, the absence of a membrane 
allows a higher tolerance to system backpressure and 
reduces manufacturing costs, and, finally, this configu- 
ration reduces system noise because of the absence of 
an applied electrical field during detection. As used 

55 herein, the term intermittent electrochemical suppres- 
sion will refer to this type of system. 
[0032] It is preferable for electrolytic chemical packed 
bed regeneration to provide direct contact of the elec- 
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trodes with the ion exchange resin bed itself. For anion 
analysis using sodium hydroxide eluent, the cation ex- 
change resin bed is regenerated to the hydronium ion 
form by formation of hydronium ions at the anode, which 
migrate toward the cathode, displacing sodium ions 
from the ion exchange sites. Sodium ions associate with 
hydroxide ions generated at the cathode and are eluted 
from the suppressor as sodium hydroxide. Current is 
conducted between the electrodes by movement of ions 
along ion exchange sites in the ion exchange material 
in the bed. After regeneration, the current is discontin- 
ued, and eluent is pumped through the bed to remove 
remaining gas bubbles. Then, the ionic species in a new 
sample solution are separated in the chromatography 
column, flow through the suppressor, and are detected. 
[0033] Referring to Figure 1 , one form of an ion chro- 
matography system is illustrated using a single packed 
bed suppressor. The system includes analytical pump 
150 connected by tubing 152 to sample injection valve 
1 54 which in turn is connected by tubing 1 56 to chroma- 
tographic means typically in the form of a chromato- 
graphic column 158 filled with chromatographic resin. 
The effluent from chromatographic column 158 flows 
through tubing 1 60 to a packed ion exchange resin bed 
suppressor 162. Electrodes, in a form to be described 
below, are spaced apart in the suppressor with the ion 
exchange resin disposed between them. The electrodes 
are connected to a direct current power supply 164 by 
leads 165a and 165b. The configuration is such that with 
an aqueous stream in the suppressor and the applica- 
tion of power, water in the aqueous stream is electro- 
lyzed to form a source of hydronium ion or hydroxide ion 
to regenerate the ion exchange resin. The suppressor 
effluent is directed through tubing 167 to a suitable de- 
tector and then to waste. A preferred detector is a con- 
ductivity detector 166 with the chromatography effluent 
flowing through the conductivity cell 1 68 of detector 1 66. 
[0034] The suppressor 1 62 generates hydronium ions 
(and oxygen gas) at the anode (positive) electrode and 
hydroxide ions (and hydrogen gas) at the cathode (neg- 
ative) electrode. In the first stage of operation, the power 
supply 164 is turned off. Thus, the system operates in 
the manner of a standard ion chromatography system. 
That is, a water-containing eluent solution including 
electrolyte is directed from pump 1 50 and through tubing 
152. Sample is injected through sample injection valve 
1 54, and is directed by tubing 1 56 into chromatographic 
column 158 to form a first chromatography effluent in- 
cluding separated ionic species of the sample. 
[0035] For simplicity of description, the system will be 
described with respect to the analysis of anions using 
an eluent solution including sodium hydroxide as the 
electrolyte. 

[0036] The chromatography effluent is directed in tub- 
ing 1 60 to suppressor 1 62. The suppressor includes cat- 
ion exchange resin with exchangeable hydronium ions. 
The sodium ions of the electrolyte displace the hydro- 
nium ions on the column. The displaced hydronium ions 



combine with the hydroxide ions of the sodium hydrox- 
ide to form water. In this conventional process, the elec- 
trolyte is thus converted to weakly ionized form to ac- 
complish suppression. During this process, the ex- 
s changeable hydrogen ions are depleted and replaced 
with sodium ions. Thereafter, the effluent from the sup- 
pressor is directed through conductivity cell 1 58 in which 
the separated anions are detected and from there to 
waste. 

10 [0037] After completion of the analytical run (i.e., after 
chromatographic separation, suppression and detec- 
tion), an electrical potential is applied through the resin 
in the packed bed suppressor while flowing an aqueous 
liquid stream to electrolyze water in the stream. Hydro- 

15 nium ions generated at the anode displace the sodium 
ions which associate with the hydroxide ions for pas- 
sage to waste, in this instance through the conductivity 
cell. 

[0038] Typical conditions for regeneration include cur- 
20 rent applied at a voltage of 3 VDC to 50 VDC and pref- 
erably 5 VDC to 1 5 VDC and a current of 20 mA to 1000 
mA and preferably 100 mA to 500 mA for a short period 
of time, suitably up to about 1 to 10 minutes and prefer- 
ably on the order of 1 to 5 minutes while the aqueous 
25 liquid stream is flowing (e.g. at a rate of 1 mL/min) 
through the suppressor to provide the source of hydro- 
nium ions. In one embodiment, the source of hydronium 
ion is the eluent from reservoir 150 without any sample. 
Since the eluent includes sodium hydroxide, the current 
30 applied must produce sufficient hydronium ions to shift 
the equilibrium toward the hydrogen ion form of the ion 
exchange resin in the suppressor. 
[0039] After regeneration, the power supply 164 is 
discontinued and the aqueous liquid stream permitted 
35 to flow through the suppressor for sufficient time for 
equilibration, typically 1 to 5 minutes. This allows gen- 
erated gas bubbles to sweep out of the bed and the set- 
tling of the conductivity cell and the baseline. Thereafter, 
a new sample is injected for subsequent detection. 
40 Since the eluent contains sodium ions, removal efficien- 
cy of sodium ions from the ion exchange sites is signif- 
icantly reduced during regeneration. The sodium ions 
compete with the hydronium ions that are generated at 
the anode which can make it difficult to remove sodium 
45 ions. In certain instances, this can result in peak area 
variation as time proceeds as well as incomplete sup- 
pression of the analyte. 

[0040] To overcome the foregoing potential problem, 
a source of water, preferably deionized water, may be 

50 directed through the suppressor during regeneration. 
Figure 2 illustrates a system for supplying deionized wa- 
ter to the suppressor during regeneration. Similar parts 
will be designated with similar numbers for Figures 1 
and 2. Three-way slider valves 170 and 172 may be 

55 used for the proper shifting between the flow of deion- 
ized water and eluent. Deionized water is supplied by 
reservoir 176 under control of pressurized gas from 
source 178 through line 180 to valve 172. 
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[0041] Figure 2 illustrates the analytical run setting for 
valves 170 and 172. Specifically, the chromatography 
effluent from column 158 passes through tubing 160 to 
valve 170 through suppressor 162, valve 172, tubing 
167 conductivity cell 168, and to waste. After completion 
of the run, the settings of valves 170 and 172 are re- 
versed so that the deionized water in tank 176 passes 
through line 180, valve 172, suppressor 162, valve 170 
and to waste. In this particular embodiment, the flow 
through the suppressor is reversed for suppression and 
regeneration. Other valving arrangements may be em- 
ployed including one in which the flow is in the same 
direction so long as the deionized water and eluent are 
independently directed through the suppressor. 
[0042] By use of deionized water, more complete re- 
generation can be accomplished in a shorter time and 
with a lower voltage current supply For example, a suit- 
able time for regeneration is on the order of 0.5 min to 
5 min using a flowrate of 1 mL/min, a voltage of about 
5 VDC to about 1 5 VDC, and a current of about ICQ mA 
to 1000 mA. 

[0043] Many different forms of electrolytic chemical 
suppressors may be employed in accordance with the 
present invention. High capacity (e.g., 2 to 10 mEq/g) 
resin conventionally used for ion chromatography sup- 
pressors Is packed into a column. The operation of the 
column as a suppressor and its configuration can be 
similar to that of a conventional packed bed suppressor 
such as set forth in the aforementioned U.S. patents 
(3,897,213; 3,920,397; 3,925,019; and 3,926,559). An 
important feature of the suppressor is the use of means 
for applying an electrical potential across the ion ex- 
change resin. Any number of configurations may be em- 
ployed so long as the potential is applied to a significant 
part of the resin for efficient regeneration. In that regard, 
the anode and cathode should be spaced apart with the 
majority of the ion exchange resin disposed therebe- 
tween. 

[0044] One embodiment of a suitable suppressor is 
illustrated in Figure 3. The flow-through housing (suita- 
bly in cylindrical cross-section) includes a body 200 with 
a central bore 202, screw-threaded top and bottom end 
caps 204 and 206, and top and bottom flow-through bed 
supports 208 and 210, respectively at opposite ends of 
bore 202. A DC power supply 21 4 is connected to a cath- 
ode 216 and an anode 218. In this instance, the anode 
is formed into a helical spiral which extends along the 
length of bore 202. Cathode 216 coaxially projects in a 
generally straight line along the axis of the circular bore. 
The cathode and anode are suitably formed of platinum. 
High capacity ion exchange resin 220 is filled into bore 
202 with cathode 216 and anode 218 in place. Above 
the top of the ion exchange resin bed and the electrodes 
is a small bed of neutral resin (e.g. formed of crosslinked 
polystyrene) or other porous neutral packing material. It 
serves the function of taking up the excess volume be- 
tween the liquid connection to the suppressor column 
and the electrode which would otherwise be a source of 



band dispersion. Bed supports 208 and 210 are posi- 
tioned and end caps 204 and 206 are screwed into a 
secured position. As is conventional, end caps include 
screw-threaded ports for connection to the inlet and out- 
5 let tubing. 

[0045] Figure 3a illustrates an exploded view partially 
broken away of the configuration of anode and cathode 
in contact in the ion exchange resin bed. 
[0046] Another embodiment of suitable electrolytic 

10 chemical suppressor is illustrated in Figure 4. Like parts 
will be designated with like numbers for Figures 3 and 
4. In this instance, the DC power supply is connected to 
spaced cathode 216 and anode 218 separated by non- 
conducting spacers 224 and projecting from the top to 

15 the bottom of the suppressor along the ion exchange 
resin in direct contact with the resin. This is best illus- 
trated in Figures 4a, a cross-sectional view along the 
line AA of Figure 4. The facing generally C-shaped cath- 
ode 216 and anode 218 project substantially along the 

20 entire length of ion exchange resin 220 in bore 202. At 
the top and bottom of the ion exchange resin bed are 
small beds of neutral polymeric resin 230 and 232, re- 
spectively The reason for this neutral polymeric resin is 
the same as with respect to the embodiment of Figure 

25 3 namely to take up excess volume and prevent peak 
dispersion. 

[0047] Another embodiment of a suitable electrolytic 
chemical suppressor is illustrated in Figure 5. Like parts 
will be designated with like numbers to that of Figure 3. 

30 The main differences among the embodiments of Fig- 
ures 3, 4, and 5 are the location, configuration and dis- 
position of the anode and cathode. In Figure 5, the an- 
ode and cathode are at the top and bottom of the ion 
exchange resin beds. The anode and cathode are 

35 formed, for example, from a screen mesh or porous disc 
of platinum so as to allow liquid flow through the elec- 
trode and are placed directly on the top and bottom of 
the resin bed in direct contact with the resin. 
[0048] In the case of screen mesh, a disc of porous 

40 polyethylene is also used outside the electrode as a res- 
in bed support to hold the resin on the column. The cross 
section of the suppressor bed in this embodiment need 
not be circular. Square and rectangular cross sections 
with appropriate geometry electrodes placed at oppo- 

45 site ends of the resin bed are other embodiments of this 
design. 

[0049] The embodiment of Figure 5 can have certain 
advantages. Since the electrodes are placed at the entry 
and exit ports of the column, this design efficiently re- 

50 moves sodium ions from the ion exchange sites be- 
cause the suppressor generates hydronium ion at the 
entry in the flow direction, which allows these ions to 
displace sodium ions on the bed. Sodium ions can then 
exit the suppressor by association with hydroxide ions 

55 so they are generated at the exit port. 

[0050] However, by placing the electrodes at the op- 
posite ends of the ion exchange resin beds, flow prefer- 
ably is counter-current to the flow of column effluent be- 
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cause it is best to generate the suppression ions (and 
thus conversion of the ion exchange sites) at the outlet 
end so that the bed is substantially regenerated for anal- 
ysis. This prevents the counter-ions to the analyte from 
converting to the hydronium ion when entering the bed 
and then converting again to the sodiunfi form upon ex- 
iting. 

[0051] Referring to Figure 6, a form of the invention is 
illustrated which includes two electrolytic packed bed 
units. In one instance, only one of the ion exchange 
packed beds is used as a suppressor and the other one 
is used as a polishing unit. In the other system, both ion 
exchange packed beds are used as suppressors so that 
analyte is analyzed in one of the suppressors while the 
other one is being regenerated and then the system can 
be reversed. The setup of Figure 6 can be employed for 
either mode of operation. 

[0052] Referring to Figure 6, an analytical pump 250 
is connected by tubing 252 to sample injection valve 
254, tubing 256 to analytical column 258, and then via 
tubing 260 to valve 262. One port of valve 262 is con- 
nected by tubing 264 to one end of suppressor 266. The 
other end of suppressor 266 is connected by tubing 268 
to valve 270. A DC power supply 272 is connected to 
suppressor 266 in the manner set forth above, \felve 270 
also includes a port connected by tubing 274 to suppres- 
sor 276 which, in turn, is also coupled to valve 262 by 
tubing 290 and to DC power supply 272, also as set forth 
above. Valve 262 includes a third port connected by line 
280 to waste. 

[0053] Valve 270 includes one port connected to tub- 
ing 268; and another port connected by tubing 282 to 
conductivity cell 284 of conductivity detector 286. Con- 
ductivity cell 284 is, in turn, connected by line 288 to 
another port of valve 270. Valve 270 includes another 
port connected by tubing 2.74 to one end of suppressor 
276. 

[0054] Referring to Figure 6 operation of a system in 
which both packed beds 266 and 276 are used for sup- 
pression is as follows. A sodium chloride analyte is elut- 
ed with a sodium hydroxide eluent or any other suitable 
eluent (e.g., sodium carbonate/bicarbonate). In the an- 
alytical stage, analytical pump 250 carries the eluent 
through line 252 and sample injected through valve 254 
is carried in tubing 256 through chromatographic col- 
umn 258 where the ionic species are separated. The 
effluent from column 258 is directed through tubing 260 
to valve 262 and then through tubing 290 to previously 
regenerated suppressor 276 (with power from source 
278 off). The effluent from suppressor 276 is directed 
through tubing 274 to valve 270, tubing 282 to conduc- 
tivity cell 284 where the ionic species are detected. The 
effluent from conductivity cell 284 typically a weak acid 
(e.g. in water or carbonic acid), is directed in tubing 288 
back through valve 270 through tubing 268 to suppres- 
sor 266 with the power supply 272 turned on. In this 
stage, the ion exchange resin in suppressor 266 is re- 
generated and the flow of effluent from this suppressor, 



including the electrolyte (e.g. sodium hydroxide), flows 
through tubing 264 back through valve 262 and through 
tubing 280 to waste. 

[0055] After completion of an analytical run (including 

5 separation, suppression and detection) and adequate 
regeneration of suppressor 266 from a previous analyt- 
ical run, valves 262 and 270 are reset so that suppressor 
266 is on-line for suppression prior to detection and sup- 
pressor 276 is regenerated. With a new setting of the 

10 valves, the flow proceeds as follows. A new sample is 
injected through valve 254 and is carried by the eluent 
from analytical pump 250 through tubing 256, chroma- 
tographic column 258, valve 262 and through suppres- 
sor 266. During this time, DC power supply 272 is in the 

T5 off position. After suppression of the eluent, the sup- 
pressor effluent flows through tubing 268, valve 270 to 
conductivity cell 284 in which the ionic species of the 
second sample are detected. The conductivity cell efl- 
luent flows in tubing 288 back to valve 270 and through 

20 tubing 274 and then through suppressor 276. In this in- 
stance, the conductivity cell effluent serves as the aque- 
ous liquid stream supplying water for electrolysis by the 
application of current from DC power supply 278 to re- 
generate the Ion exchange resin in suppressor 276. The 

25 effluent from suppressor 276 flows through tubing 290 
valve 262 and to waste. 

[0056] In the above system, one suppressor is func- 
tional to suppress eluent electrolyte after separation and 
prior to detection, with no power applied, while the other 

30 suppressor is off-line and being regenerated with power 
applied. Then the system is reversed. 
[0057] Valve means in the form of valves 262 and 270 
have first and second valve positions. In the first valve 
position liquid flows from the eluent resen/oir through 

35 analytical pump 250, chromatographic separation col- 
umn 258, suppressor 276, conductivity cell 284 to sup- 
pressor 266. In the second valve position, the eluent 
flows through analytical pump 250, sample injection 
valve 254, suppressor 266, detector 286 and suppres- 

40 sor 276. 1 n the first valve position the ions in the sample 
solution are separated in column 258 and carried in the 
eluent through suppressor 276 in which the electrolyte 
is converted to weakly ionized form during suppression, 
and through conductivity cell 284 in which the ions are 

4S detected and through suppressor 266. In the second 
valve position, the eluent solution flows through sup- 
pressor 266 and then through suppressor 276. 
[0058] In another embodiment, the suppressor 266 is 
used solely as a polishing column to deliver water with 

so low ion concentration to the other suppressor for effec- 
tive suppression. An advantage of this system is that 
only a single bed is used for analysis. This eliminates 
possible changes in peak responses due to differences 
in geometry which cause differences in dispersion in 

55 each suppressor. This may not be significant if the beds 
can be well matched. One disadvantage of this polishing 
technique compared to the foregoing polishing tech- 
nique is that it takes longer for the full run including re- 
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generation. 

[0059] The polishing system operates in a similar 
manner. In the first valve setting described above, the 
system operates identically for either the dual suppres- 
sor system or the suppressor/polishing unit system. In 
particular, the above description applies in which sup- 
pressor 276 is on-line as a suppressor after separation 
and before detection while suppressor 266 is being re- 
generated. The second valve setting is also the same, 
with the principal difference that no sample is injected 
during this cycle. Instead, in the second valve setting, 
suppressor 276 is regenerated and no readings are tak- 
en by conductivity detector 286. Thus, as in the above 
second valve setting, power supply 278 is on to regen- 
erate suppressor 276 and power supply 272 is off with 
no analytical function being performed by suppressor 
266. Instead, it sen/es solely as a polish column to sup- 
ply water of low ionic content to suppressor 276 during 
the regeneration mode. 

[0060] 1 n either the dual suppressor mode or suppres- 
sor/polisher mode, suppression is performed in accord- 
ance with the conditions well known in the art for packed 
bed suppression for example as illustrated U.S. Pat. 
Nos. 3,897,213, 3,920,397, 3,925,019 and 3,926,559. 
[0061] The conditions for regeneration are similar to 
those set forth with respect to the system of Figure 1 . 
[0062] In order to illustrate the present invention, the 
following examples of its practice are provided. 

Example 1 

[0063] This example illustrates the use of an electro- 
lytic chemical packed bed suppressor of the type illus- 
trated in Figure 3. The unit includes a 4x50 mm column. 
A length of 0.5 mm platinum wire is coiled in a helical 
spring-like configuration with the outer diameter of the 
coil about 4 mm and the coil extending approximately 
the entire length of the suppressor bed. The second 
electrode is a straight length of 0.5 mm platinum wire 
extending the entire length of the column coaxial to the 
coil. Both of the electrodes exit from the coil through fit- 
tings that provide liquid tight seal and make contact with 
the power supply. The electrode separation is about 2 
mm. 

[0064] The resin was first converted to the exhausted 
(sodium ion) form with sodium hydroxide, then, with elu- 
ent flowing at 2 mL/min, a voltage of 9 volts was applied 
using the outer coil electrode as the anode. About 500 
mA current was obtained, accompanied by visible gas- 
sing. The effluent was basic. These obsen/atlons were 
compatible with regeneration. The current was applied 
for 5 minutes, then shut off. Conductivity of the effluent 
decreased rapidly in the period of about one minute from 
a reading from about 1000 nS to about 600 ^iS. This 
indicated that the hydronium ion had been injected elec- 
trochemically into the suppressor bed. A 7-anion stand- 
ard was run: 



Column: AS4A SC 
Flow rate : 2 mL/min 

Eluent: 1 .8 mM NajCOg/l .7 mM NaHCOg 
Iniection volume: 25 jiL 

5 

2ppmF- iSppmNOa' 
3ppmC|- 15ppmP043- 
IppmNOa 15ppmS042- 
lOppm Br 

10 

[0065] The suppressor was then regenerated at 500 
mA for a further 2 minutes and allowed to equilibrate for 
about 1 minute after stopping the current. The chroma- 
togram of Figure 7 was obtained illustrating regenera- 
»s tion. 

Example 2 

[0066] This example illustrates the use of an electro- 

20 lytic chemical packed bed suppressor of the tyjDe illus- 
trated in Figure 5. The unit includes a 6x20 mm column. 
Porous electrodes were fabricated from platinum mesh 
and placed at either end of the resin bed. Both of the 
electrodes were connected to the power supply by wires 

25 through fittings in the body of the column that provide a 
liquid tight seal and make contact with the power supply 
[0067] Dowex 50W-X8 resin was first converted to the 
exhausted (sodium ion) form with sodium hydroxide. An 
external source of deionized water was supplied as 

30 shown in Figure 2. A voltage of 1 3 volts was applied from 
a DC power supply while deionized water was pneumat- 
ically pumped through the ion exchange bed at a flow 
rate of 0.3 mUminute in the direction from the anode to 
the cathode (from bottom to top). Thus, sodium hydrox- 

35 ide formed at the cathode was swept from the bed along 
with the hydrogen and oxygen gases formed at the elec- 
trodes. The potential of 1 3 volts was maintained for 7.5 
minutes and the deionized water flow maintained for a 
further 0.5 minutes. The suppressor was then connecl- 

40 ed by switching valves 170 and 172 to the exit of the 
separator column such that the cathode end was at- 
tached to the outlet of the separator column and the an- 
ode end was attached to the conductivity cell. 
[0068] The chromatographic system with eluent flow- 

45 ing was allowed to equilibrate for 2.5 minutes. During 
this time the conductivity of the effluent dropped from 
470 nS to 1 6 nS. The sample was Injected and the chro- 
matogram shown in Figure 8 was obtained. 

so . Column: AS4A SC 
Flow rate : 2 mUmin 

Eluent: 1.8 mM NazCO^^M mM NaHCOg 
Iniection volume: 20 

55 2ppmF- lOppmNOg- 

3ppmC|- 15ppmP043- 
15ppmS042- 
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Claims 

1. A method of anion or cation analysis by ion chro- 
matograpfiy using periodic electrolytic ctiemical re- 
generation o1 a packed bed suppressor, said meth- 
od comprising 

(a) chromatographically separating ionic spe- 
cies in a first liquid sample to be detected in a 
water-containing eluent solution comprising 
electrolyte to form a first chromatography efflu- 
ent including separated ionic species, 

(b) flowing said first chromatography effluent 
through a first packed bed suppressor 
(162,276) including suppressor ion exchange 
resin with exchangeable ions to convert said 
electrolyte to weakly ionized form during sup- 
pression, thereby depleting at least some of 
said exchangeable ions on said suppressor ion 
exchange resin, 

(c) flowing first suppressor effluent including 
the separated ionic species from said first 
packed bed suppressor (162,276) through a 
detector (166,168,284,286) in which the sepa- 
rated ionic species are detected to form a de- 
tector effluent, said method being character- 
ized by 

(d) applying an electrical potential through said 
first packed resin bed suppressor (162,276) 
while flowing an aqueous liquid stream there- 
through to electrolyze water in said aqueous liq- 
uid stream and thereby regenerate the ex- 
changeable ions on said first suppressor ion ex- 
change resin, the application of said electrical 
potential being discontinued during steps (a), 
(b) and (c). 

2.. A method as claimed in claim 1 in which the ionic 
species are anions and in which in step (d) water in 
said aqueous liquid in said first packed bed sup- 
pressor (162,276) is electrolyzed to generate hy- 
dronium ions for regeneration of said exchangeable 
ions. 

3. A method as claimed in claim 1 in which the ionic 
species are cations and in which in step (d) water 
in said aqueous liquid in said packed bed suppres- 
sor (1 62,276) is electrolyzed to generate hydroxide 
ions for regeneration of said exchangeable ions. 

4. A method as claimed in any one of claims 1 to 3 
further comprising the steps of 

(e) after termination of steps (a), (b) and (c), 
chromatographically separating a second liquid 
sample comprising ionic species in an eluent 
comprising an electrolyte to form a second 
chromatographic effluent including separated 



ionic species, 

(f) flowing said second chromatographic efflu- 
ent through a second packed bed suppressor 
(266) including suppressor ion exchange resin 

5 to convert said electrolyte to weakly ionized 

form, 

(g) flowing second suppressor effluent from 
said second packed bed suppressor (266) 
through said detector (284,286) to detect said 

10 separated ionic species and form a detector ef- 

fluent, and 

(h) flowing said detector effluent through said 
first packed bed suppressor (276), said detec- 
tor effluent comprising said aqueous liquid 

is stream in step (d). 

5. A method as claimed in claim 4 further comprising, 
after steps (e), (f), and (g), flowing the detector ef- 
fluent in step (c) through said second packed bed 
20 suppressor ion exchange resin and applying an 
electrical potential to the same to regenerate the ex- 
changeable ions thereon. 

e. A method as claimed in any one of claims 1 to 3 
25 further comprising: 

(e) flowing a water-containing eluent solution 
comprising electrolyte through a flow-through 
polishing unit (266) comprising ion exchange 

30 resin having exchangeable ions to convert said 

electrolyte into weakly ionized form and to form 
a polished liquid effluent, and 

(f) flowing said polished liquid effluent through 
said first packed bed suppressor (276) during 

35 step (d), said polished effluent comprising said 

aqueous liquid stream. 

7. A method as claimed in claim 6 further comprising 
the steps of 

40 (g) regenerating the ion exchange resin in 

said polishing unit (266) by flowing the effluent from 
said detector (284,286) in step (c) through said pol- 
ishing unit (266) and applying an electrical potential 
through said polishing unit ion exchange resin to re- 

4S generate the exchangeable ions thereon. 

8. A method as claimed in any one of claims 1 to 7 in 
which said aqueous liquid stream comprises a wa- 
ter-containing eluent solution. 

so 

9. A method as claimed in any one of claims 1 to 7 in 
which said aqueous liquid stream is supplied from 
a source of water independent of said eluent solu- 
tion. 

55 

10. A method as claimed in claim 9 in which said water 
is deionized water. 
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11. An apparatus for analysis of ions in a liquid sample 
solution, said apparatus comprising 

(a) a first resen/oir for a water-containing eluent 
solution comprising electrolyte, 

(b) chromatograpfiic separating means 
(158,258) in communication with said first res- 
ervoir for receiving eluent therefrom, said chro- 
matographic separating means ( 1 58,258) com- 
prising a chromatographic separating medium 
adapted to separate ionic species of a sample 
eluted therethrough using said eluent solution, 

(c) means (150,250) for injecting a liquid sam- 
ple into said chromatographic separation 
means (158,258), 

(d) a first suppressor (162,276) comprising an 
ion exchange resin bed in communication with 
said chromatographic separating means 
(158,258), 

(e) a detector (166,168,284,286) in communi- 
cation with said first suppressor (162,276), said 
apparatus being characterized in that it further 
comprises 

(f) means (164,272) for applying an electrical 
potential through said ion exchange resin bed 
of said first suppressor (162, 276), whereby, in 
use, water in a flowing aqueous stream is elec- 
trolysed and said ion exchange resin of said 
first suppressor (162, 276) is regenerated. 

12. An apparatus as claimed in claim 11 in which said 
chromatographic separating means (258) includes 
an outlet for said separated sample, said first sup- 
pressor (276) has an inlet and an outlet, said inlet 
being in communication with the outlet of said chro- 
matographic separating means (258), and in which 
said detector (284,286) is in communication with 
the outlet of said first suppressor (276), the appa- 
ratus further comprising 

(g) a second suppressor (266) comprising an 
ion exchange resin bed in communication with 
said detector (284,286), 

(h) means (272) for applying an electrical po- 
tential through said ion exchange resin bed of 
said second suppressor (266), and 

(i) valve means (262,270) including a first and 
second valve position, said first valve position 
permitting liquid flow from said eluent reservoir, 
through said chromatographic separation 
means (258), said ion exchange resin bed of 
said first suppressor (276), said detector 
(284,286), and said ion exchange resin bed of 
said second suppressor (266) and said second 
position permitting liquid flow from said eluent 
resen/oir, through said ion exchange resin bed 
of said second suppressor (266), said detector 
(284,286), and said ion exchange resin bed of 



said first suppressor (276), whereby, in use, in 
said first valve position, the ions in a sample 
solution are separated in said chromatographic 
separating means (258) and carried in said elu- 

s ent through said ion exchange resin bed of said 

first suppressor (276) in wrtiich said electrolyte 
is converted to weakly ionized form during sup- 
pression, through said detector (284,286) in 
which ions are detected and through said ion 

10 exchange resin bed of said second suppressor 

(266), and in said second valve position, the 
eluent solution flows at least through said ion 
exchange resin bed of said second suppressor 
(266), and said ion exchange resin bed of said 

15 first suppressor (276), and said applying means 

(272) being capable of applying said electrical 
potential across said ion exchange resin bed of 
said first suppressor (276) to regenerate the 
same with said valve means in said second 

20 valve position. 

13. An apparatus as claimed in claim 12 in which, in 
use, with said valve means in said second valve po- 
sition, the eluent flows from said eluent resen/oir 

25 through said chromatographic separating means 
(258) to said ion exchange resin bed of said second 
suppressor (266). 

14. An apparatus as claimed in claim 12 in which said 
30 applying means (272) is capable of applying said 

electrical potential across said ion exchange resin 
bed of said second suppressor (266) with said valve 
means in said first valve position. 

35 15. An apparatus as claimed in claim 11 further com- 
prising 

(g) a second reservoir (176) for containing wa- 
ter which is in communication with said first 

40 suppressor (162), 

(h) valve means (170,172) including a first and 
second valve position, said first valve position 
permitting liquid flow from said first reservoir, 
through said chromatographic separation 

45 means (158), said ion exchange resin bed of 

said first suppressor (162), and said detector 
(166,168), and said second position permitting 
liquid flow from said second resen/oir (176), 
through said ion exchange resin bed of said first 

so suppressor (162), whereby, in use, in said first 

valve position, the ions in a sample solution are 
separated in said chromatographic separating 
means (1 58) and carried in said eluent through 
said ion exchange resin bed of said first sup- 

£5 pressor (162) in which said electrolyte is con- 

verted to weakly dissociated form during sup- 
pression, and through said detector (166,168) 
in which the ions are detected, and in said sec- 
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ond valve position, water from said second res- 
ervoir (176) flows at least through said Ion ex- 
change resin bed of said first suppressor (162), 
said applying means (1 64) being capable of ap- 
plying said electrical potential across said ion 
exchange resin bed of said first suppressor 
(162) to regenerate the same with said valve 
means in said second valve position. 

16. A suppressor for use in an apparatus for analysis 
of ions in a liquid sample solution, said suppressor 
comprising a flow-through housing (200,202), a 
suppressor ion exchange resin bed (220) disposed 
in said housing (200,202), and means 
(214,216,218) for applying an electrical potential 
through said suppressor ion exchange resin bed 
(220), whereby, in use, water in a flowing aqueous 
stream is electrolyzed and said suppressor ion ex- 
change resin (220) is regenerated after use to sup- 
press electrolyte in an eluent stream. 



Patentanspruche 

1. Anionen- oder Kationenanalyseverfahren durch lo- 
nenchromatographie unter Verwendung einer peri- 
odischen elektrolytischen chemischen Regenerati- 
on eines Fullstoffbett-Suppressors, bei welchem 

a) chromatographisch lonenarten in einer er- 
sten Flussigkeitsprobe, die in einer Wasser ent- 
haltenden Eluatlosung mit Etektrolyt nachzu- 
weisen sind, zur Bildung eines ersten Chroma-. 
tographie-Abstroms, der getrennte lonenarten 
aufweist, getrennt werden 

b) der erste Chromatographie-Abstrom durch 
einen ersten Fullstoffbett-Suppressor (162, 
276) stromen gelassen wird, der ein lonenaus- 
tauschharz mit austauschbaren lonen auf- 
weist, um den Elektrolyt in eine schwach ioni- 
sierte Form wahrend der Suppression umzu- 
wandeln, wodurch wenigstens einige der aus- 
tauschbaren lonen an dem Suppressor-lonen- 
austauschharz entzogen werden, und 

c) der erste Suppressor-Abstrom mit den ge- 
trennten lonenarten aus dem ersten Fullstoff- 
bett-Suppressor (162, 276) durch einen Detek- 
tor (1 66, 1 68, 284, 286) stromen gelassen wird, 
in welchem die abgetrennten lonenarten nach- 
gewiesen werden und ein Detektorabstrom ge- 
bildet wird, 

dadurch gekennzeichnet, 

d) dafl an den ersten Harz-Fullstoffbett-Suppressor 
(162, 276) eine eiektrische Spannung angelegt 
wird, wahrend durch ihn hindurch ein wasserhalti- 
ger Flussigkeitsstrom stromen gelassen wird, um 
das Wasser in dem wasserhaltigen Flussigkeits- 



strom zu eleklrolysieren und um dadurch die aus- 
tauschbaren lonen an dem ersten Suppressor-lo- 
nenaustauschharz zu regenerieren, wobel das An- 
legen der elektrlschen Spannung wahrend der 
s Schritte a), b) und c) unterbrochen wird. 

2. Verfahren nach Anspruch 1 , bei welchem die lonen- 
arten Anionen sind und bei welchem im Schritt (d) 
Wasser in der wasserhaltigen Flussigkeit in dem er- 

10 sten Fullstoffbett-Suppressor (162, 276) elektroly- 
siert wird, um Hydroniumionen zur Regeneration 
der austauschbaren lonen zu erzeugen. 

3. Verfahren nach Anspruch 1 , bei welchem die I onen- 
»s arten Kationen sind und bei welchem im Schritt (d) 

Wasser in der wasserhaltigen Flussigkeit in dem 
Fullstoffbett-Suppressor (162, 276) elektrolysiert 
wird, um Hydroxydionen fur die Regeneration der 
austauschbaren lonen zu erzeugen. 

20 

4. Verfahren nach einem der Anspruche 1 bis 3, wel- 
ches weiterhin die Schritte aufweist, 

e) nach Beendigung der Schritte (a), (b) und (c) 

25 eine zweite Flussigkeitsprobe chromatogra- 

phisch abzutrennen, die lonenarten in einem 
Eluat mit einem Elektrolyten aufweist, um einen 
zweiten chromatographischen Abstrom mit den 
abgetrennten lonenarten zu bilden, 

30 f) den zweiten chromatographischen Abstrom 

durch einen zweiten Fullstoffbett-Suppressor 
(266) mit einem Suppressor-lonenaustausch- 
harz stromen zu lassen, um den Elektrolyten in 
eine schwach ionisierte Form umzuwandein, 

35 g) den zweiten Suppressorabstrom aus dem 

zweiten Fullstoffbett-Suppressor (266) durch 
den Detektor (284, 286) stromen zu lassen, um 
die abgetrennten lonenarten nachzuweisen 
und um einen Detektorabstrom zu bilden, und 

40 h) den Detektorabstrom durch den ersten 

Fullstoffbett-Suppressor (276) stromen zu las- 
sen, wobei der Detektorabstrom den wasser- 
haltigen Flussigkeitsstrom in dem Schritt (d) 
umfa(3t. 

45 

5. Verfahren nach Anspruch 4, bei welchem weiterhin 
nach den Schritten (e), (f) und (g) der Detektorab- 
strom in Schritt (c) durch das lonenaustauschharz 
des zweiten Fullstoffbett-Suppressors stromen ge- 

50 lassen wird und eine eiektrische Spannung an die- 
ses zur Regenerierung der austauschbaren lonen 
daran angelegt wird. 

6. Verfahren nach einem der Anspruche 1 bis 3, bei 
55 welchem weiterhin 

e) eine wasserenthattende Eluatlosung mit 
Elektrolyt durch eine DurchfluB-Feinstreinl- 
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gungseinheit (266) stromen gelassen wird, die 
ein lonenaustauschharz mit austauschbaren 
lonen aufweist, urn den Elektrolyten in eine 
schwach lonisierte Form unnzuwandein und um 
einen feinstgereinigten Flusslgkeitsabstrom zu 
bilden, und 

f) der feinstgereinigte Flusstgkeitsabstrom 
wahrend Schritt (d) durch den ersten Fullstoff- 
bett-Suppressor (276) stromen gelassen wird, 
wobei der feinstgereinigte Abstrom den was- 
serhaltigen Flussigkeitsstrom aufweist. 

7. Verfahren nacli Anspruch 6, welches weiterhin die 
Scfiritte aufweist, 

g) das lonenaustauschharz In der Feinstreinlgungs- 
einheit (266) dadurch zu regenerieren, daB der Ab- 
strom aus dem Detektor (284, 286) In Schritt (c) 
durch die Feinstrelnlgungselnhelt (266) stromen 
gelassen wird und eIne elektrlsche Spannung an 
das Felnstrelnigungseinhelts-lonenaustauschharz 
angelegt wird, um die austauschbaren lonen daran 
zu regenerieren. 

8. Verfahren nach einem der Anspruche 1 bis 7, bei 
welchem der wasserhaltige Flussigkeitsstrom eine 
Wasser enthaltende Eluatlosung aufweist. 
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9. Verfahren nach eInem der Anspruche 1 bis 7, bei 
welchem der wasserhaltige Flussigkeitsstrom un- 
abhangig von dem Eluatstrom von einer Wasser- so 
quelle zugefuhrt wird. 

10. Verfahren nach Anspruch 9, bei welchem das Was- 
ser entionlsiertes Wasser ist. 



in Verbindung mil dem ersten Suppressor (162, 
276) steht, 

gekennzelchnet weiterhin durch, 
f) eine EInrichtung (164, 272) zum Aniegen eIner 
elektrischen Spannung an das lonenaustausch- 
harzbett des ersten Suppressors (162, 276), wo- 
durch im Einsatz Wasser in einem flieBenden was- 
serhalligen Strom elektrolysierl und das lonenaus- 
tauschharz des ersten Suppressors (162, 276) re- 
generiert wird. 

12. Vorrichtung nach Anspruch 11, bei welcher die 
chromatographische Trenneinrichtung (258) eInen 
AuslaB fur die abgetrennte Probe aufweist, der er- 
ste Suppressor (276) einen EinlaB und eInen Aus- 
laB hat, der EinlaB In Verbindung mit dem AuslaB 
der chromatographlschen Trenneinrichtung steht, 
und der Detektor (284, 286) In Verbindung mit dem 
AuslaB des ersten Suppressors (276) steht, wobel 
die Vorrichtung weiterhin 

g) einen zweiten Suppressor (266), welcher ein 
lonenaustauschharzbett aufweist, das in Ver- 
bindung mit dem Detektor (284, 286) steht, 

h) eine EInrichtung (272) zum Aniegen eIner 
elektrischen Spannung an das lonenaus- 
tauschharzbett des zweiten Suppressors (266) 
und 

i) eine Ventlleinrichtung (262, 270) mit eIner er- 
sten und einer zweiten Ventilstellung aufweist. 



11. Vorrichtung zur Analyse von lonen In eIner Flussig- 
keltsprobenlosung 

a) mit einem ersten Speicher fur eine Wasser 
enthaltende Eluatlosung, die einen Elektrolyten 
aufweist, 

b) mit einer chromatographlschen Trennein- 
richtung (158, 258) In Verbindung mit dem er- 
sten Speicher fur die Aufnahme von Eluat aus 
ihm, wobel die chromatographische Trennein- 
richtung (158, 258) ein chromatographlsches 
Trennmedlum aufweist, das zum Abtrennen 
von lonenarten einer durch es hindurch eluler- 
ten Probe bei Verwendungder Eluatlosung ge- 
elgnet ist, 

c) mit einer EInrichtung (1 50, 250) zum Elnsprit- 
zen einer Flussigkeltsprobe in die chromato- 
graphische Trenneinrichtung (158, 258), 

d) mit einem ersten Suppressor (162, 276), der 
ein lonenaustauschharzbett aufweist, das in 
Verbindung mit der chromatographlschen 
Trenneinrichtung (158, 258) steht, und 

e) mit einem Detektor (166, 168, 284, 286), der 



- wobei die erste Ventilstellung ermoglicht, 
daB Flusslgkelt aus dem Eluatspelcher 
35 durch die chromatographische Trennein- 

richtung (258), das lonenaustauschharz- 
bett des ersten Suppressors (276), den 
Detektor (284, 286) und das lonenaus- 
tauschharzbett des zweiten Suppressors 
40 (266) stromt, und 

die zweite Stellung einen Flussigkeits- 
strom aus dem Eluatspelcher durch das lo- 
nenaustauschharzbett des zweiten Sup- 
pressors (266), den Detektor (284, 286) 
45 und das lonenaustauschharzbett des er- 

sten Suppressors (276) ermoglicht, 
wodurch Im Einsatz in der ersten Ventilstel- 
lung die lonen einer Probenlosung in der 
chromatographlschen Trenneinrichtung 
so (258) abgetrennt und in dem Eluat durch 

das lonenaustauschharzbett des ersten 
Suppressors (276), in welchem der Elek- 
trolyt wahrend der Suppression in eine 
schwach lonisierte Form umgewandelt 
55 wird, durch den Detektor (284, 286), in dem 

lonen nachgewiesen warden, und durch 
das lonenaustauschharzbett des zweiten 
Suppressors (266) transportiert werden, 
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wobei in der zweiten Ventilstellung die 
Eluallosung wenigstens durch das lonen- 
austauschliarzbett des zweiten Suppres- 
sors (266) und das lonenaustauscfiharz- 
bett des ersten Suppressors (276) stromt, 
und 

- wobei die Aniegeeinrichtung (272) in der 
Lage ist, die elektrische Spannung an das 
lonenaustauschharzbett des ersten Sup- 
pressors (276) anzulegen, urn dieses zu 
regenerieren, wenn sich die Ventileinrich- 
tung in der zweiten Ventilstellung befindet. 

13. Vorrichtung nach Anspruch 12, bei welcher Im Ein- 
satz, wenn sich die Ventileinrichtung in der zweiten 
Ventilstellung befindet, das Eluat aus dem Eluat- 
speicher durch die chromatographische Trennein- 
richtung (258) zu dem lonenaustauschharzbett des 
zweiten Suppressors (266) stromt. 

1 4. Vorrichtung nach Anspruch 1 2, bei welchem die An- 
iegeeinrichtung (272) in der Lage ist, die elektrische 
Spannung an das lonenaustauschharzbett des 
zweiten Suppressors (266) anzulegen, wenn sich 
die Ventileinrichtung in der ersten Ventilstellung be- 
findet. 

15. Vorrichtung nach Anspruch 11, welche weiterhin 

g) einen zweiten wasserenthaltenden Speicher 
(176), der In Verbindung mit dem ersten Sup- 
pressor (162) steht und 

h) eine Ventileinrichtung (1 70, 172) mit einer er- 
sten und einer zweiten Ventilstellung aufwelst, 

wobei die erste Ventilstellung einen Flus- 
sigkeitsstrom aus dem ersten Speicher 
durch die chromatographische Trennein- 
richtung (158), das lonenaustauschharz- 
bett des ersten Suppressors (162) und den 
Detektor (166, 168) ermoglicht, 
wobei die zweite Stellung einen Flussig- 
keltsstrom aus dem zweiten Speicher 
(176) durch das lonenaustauschharzbett 
des ersten Suppressors (162) ermoglicht, 
wodurch im Einsatz in der ersten Ventilstel- 
lung die lonen in einer Probenlosung In der 
chromatographischen Trenneinrichtung 
(158) abgetrennt und in dem Eluat durch 
das lonenaustauschharzbett des ersten 
Suppressors (162), in welchem der Elek- 
trolyt in eine schwach dissoziierte Form 
wahrend der Suppression umgewandelt 
wird, und durch den Detektor (166, 168) 
transportiert wird, in welchem die lonen 
nachgewiesen werden, 
wobei in der zweiten Ventilstellung Wasser 
aus dem zweiten Speicher (176) wenig- 
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stens durch das lonenaustauschharzbett 
des ersten Suppressors (162) stromt, und 
- wobei die Aniegeeinrichtung (164) In der 
Lage ist, die elektrische Spannung an das 
lonenaustauschharzbett des ersten Sup- 
pressors (162) anzulegen, urn dieses zu 
regenerieren, wenn sich die Ventileinrich- 
tungen in der zweiten Ventilstellung befin- 
den. 

16. Suppressor zur Verwendung in einer Vorrichtung 
zur Analyse von lonen in einer Flussigkeitsproben- 
losung, wobei der Suppressor ein Durchflu3gehau- 
se (200, 202), ein Suppressor-lonenaustausch- 
harzbett (220), das in dem Gehause (200, 202) an- 
geordnet ist, und eine EInrlchtung (214, 216, 218) 
zum Aniegen einer elektrischen Spannung an das 
Suppressor-lonenaustauschharzbett (220) auf- 
weist, wodurch im Einsatz Wasser in einem flieOen- 
den wasserhaltigen Strom elektrolyslert wird und 
das Suppressor-lonenaustauschharz (220) nach 
Vera/endung regeneriert wird, um Elektrolyten in ei- 
nem Eluatstrom einer Suppression zu unterwerfen. 
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Revendlcatlons 

1 . Procede d'analyse d'anions ou de cations par chro- 
matographle ionlque utillsant la regeneration chimi- 
que 61ectrolytique p6riodique d'un extracteur S lit 
tasse, ce procede comprenant 

(a) le fait de s6parer chromatographiquement 
des especes ioniques presentes dans un pre- 
mier echantillon de llquide a detecter dans une 
solution d'6luant contenant de I'eau compre- 
nant un electrolyte pour former un premier ef- 
fluent de chromatographie contenant les espe- 
ces ioniques s6par6es, 

(b) faire §couler ce premier effluent de chroma- 
tographie a travers un premier extracteur a lit 
tass6 (162, 276) contenant une r6slne 6chan- 
geuse d'ions d'extracteur avec des Ions echan- 
geables pour amener cet electrolyte sous une 
forme falblement ionis6e au cours de I'extrac- 
tion, 6pulsant ainsi au molns une partle de ces 
ions 6changeables sur cette r6sine 6changeu- 
se d'ions de I'extracteur, 

(c) faire 6couler un premier effluent d'extracteur 
contenant les especes ioniques separees de ce 
premier extracteur a lit tasse (162, 276) k tra- 
vers un d6tecteur (166, 168, 284, 286) dans le- 
quel les especes ioniques separees sont detec- 
tees pour former un effluent de detecteur, ce 
proc6d6 6tant caract6ris6 en ce que 

(d) on applique un potentiel 6lectrique k travers 
ce premier extracteur k lit tass6 (162, 276) tout 
en faisant 6couler un courant de llquide aqueux 
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a travers celui<i pour electrolyser I'eau dans 
ce courant de liquide aqueux et r6g6n6rer ainsi 
les ions echangeables sur cette premiere r6si- 
ne 6changeuse d'ions d'extracteur, I'applica- 
tion de ce potential electrique etant interrom- 
pue au cours des 6tapes (a), (b) et (c). 

Proc6de seton la revendication 1 , dans lequel les 
esp6ces ioniques sont des anions et dans lequel, 
dans rstape (d), on Electrolyse d'abord I'eau de ce 
liquide aqueux dans ce premier extracteur k lit tass6 
(162, 276) pour produire des ions hydronium pour 
la r6g6n6ratlon de ces ions 6changeables. 

Procdde selon la revendication 1 , dans lequel les 
especes ioniques sont des cations et dans lequel, 
dans r6tape (d), on Electrolyse I'eau de ce liquide 
aqueux present dans cat extracteur a lit tasse (162, 
276) pour produire des ions hydroxyde pour la r6- 
g6n6ration de ces ions Echangeables. 

Procede selon I'une quelconque des revendications 
1 a 3 connprenant en outre les Etapes consistant & 

(e) apres avoir terminE las Etapas (a), (b) et (c), 
sEparer chromatographlquement un second 
Echantillon da liquide comprenant des especes 
ioniques dans un Eluant comprenant un elec- 

, trolyte pour former un second effluent chroma- 
tographique contenant das espEces ioniques 
sEparEes, 

(f) faire Ecouler ce second effluent chromato- 
grapfiique & travers un second extracteur a lit 
tassE (266) contenant una rEsine ecfiangeuse 
d'ions d'extracteur pour amener cet Electrolyte 
en una forme falblement ionisEe, 

(g) faire ecouler ca second effluent d'extracteur 
de ce second extracteur & lit tassE (266) k tra- 
vers ce dEtecteur (284, 286) pour dEtecter ces 
espEces ioniques separees et former un ef- 
fluent de dEtecteur, et 

(h) faire Ecouler cet effluent de dEtecteur k tra- 
vers ce premier extracteur a lit tassE (276), cet 
effluent de dEtecteur contenant ce courant de 
liquide aqueux de I'Etape (d). 

PrbcEdE selon la revendication 4, comprenant en 
outre, aprEs les Etapes (e), (f) et (g), le fail de faire 
Ecouler I'effluent de I'extracteur de I'Etape (c) k tra- 
vers cette seconde rEsine echangeuse d'ions d'ex- 
tracteur k lit tassE et d'appliquer un potentiel Elec- 
trique k celle-ci pour rEgEnErer les ions Ecfiangea- 
bles sur celle-ci. 

ProcEdE selon I'une quelconque des revendications 
1 k 3 comprenant en outre 

(e) le fait de faire Ecouler une solution d'Eluant 



contenant de I'eau comprenant un Electrolyte k 
travers une installation d'adoucissage k Ecou- 
lement continu (266) comprenant une resine 
Ecfiangeuse d'ions ayant des ions Ectiangea- 
bles pour amener cet Electrolyte sous une for- 
me falblement ionisEe et pour former un ef- 
fluent liquide adouci, et 
(f) faire Ecouler cet effluent liquide adouci k tra- 
vers ce premier extracteur k lit tassE (276) au 
cours de I'Etape (d), cet effluent adouci com- 
prenant ca courant liquide aqueux. 

7. ProcEdE selon la revendication 6, comprenant en 
outre les Etapes consistant k 

(g) regEnErer la rEsine Ecfiangeuse d'ions de 
cette installation de polissage (266) en faisant 
Ecouler I'effluent de ce dEtecteur (284, 286) de I'Eta- 
pe (c) a travers cette installation d'adoucissage 
(266) at appliquer un potentiel Electrique k travers 
cette rEsine Ecfiangeuse d'ions de I'installation 
d'adoucissage pour rEgenErer les ions Echangea- 
bles sur celle-ci. 

8. Procede selon I'une quelconque des revendications 
1 k 7, dans lequel ce courant de liquide aqueux 
comprend une solution d'Eluant contenant de I'eau. 

9. PrpcedE selon I'une quelconque des revendications 
1 a 7, dans lequel ca courant da liquide aqueux est 
fourni par une source d'eau indEpendante de cette 
solution d'Eluant. 

10. ProcEdE salon la revendication 9, dans lequel cette 
eau est de I'eau dEsipnisEe. 

11. Appareil pour I'analyse des ions dans une solution 
d'Echantillon liquide, cet appareil comprenant 

(a) un premier rEservoir pour une solution 
d'Eluant contenant de I'eau comprenant un 
Electrolyte, 

(b) des moyens de sEparation chromatographi- 
que (1 58, 258) en communication avec ce pre- 
mier rEservoir pour recevoir I'Eluant de celui-ci, 
ces moyens de sEparation chromatographique 
(158, 258) comprenant un milieu de sEparation 
chromatographique congu pour sEparer des 
especes ioniques contenues dans un Echan- 
tillon EluE k travers celui-ci en utilisant cette so- 
lution d'Eluant, 

(c) des moyens (150, 250) pour injecter un 
Echantillon de liquide dans ces moyens de sE- 
paration chromatographiques (158, 258), 

(d) un premier extracteur (162, 276) compre- 
nant un lit de rEsine Echangeuse d'ions en com- 
munication avec ces moyens de sEparation 
chromatographique (158, 258), 

(e) un dEtecteur (166, 168, 284, 286) en com- 
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munication avec ce premier extracteur (162, 
276), cet appareil etant caracterise en ce qu'il 
comprend en outre 

(f) des moyens (1 64, 272) pour appliquer un po- 
tentiel electrique a travers ce lit de resine 
echangeuse d'lons de ce premier extracteur 
(162, 276), grace S quoi, lors de I'utilisation, 
I'eau presente dans un courant aqueux s'ecou- 
ianl est diectrolysee et cette resine echangeu- 
se d'ions de ce premier extracteur (162, 276) 
est r6g6n6r6e. 

12. Appareil selon la revendication 11, dans lequel ce 
moyen de separation chromatographique (258) 
contient un orifice de sortie pour cet 6chantillon s6- 
pare, ce premier extracteur (276) a un orifice d'en- 
tr6e et un orifice de sortie, cet orifice d'entr6e 6tant 
en communication avec I'orifice de sortie de ce 
moyen de separation chromatographique (258), et 
dans lequel ce d6tecteur (284, 286) est en commu- 
nication avec I'orifice de sortie de ce premier extrac- 
teur (276), I'appareil comprenant en outre 

(g) un second extracteur (266) comprenant un 
lit de resine echangeuse d'ions en communica- 
tion avec ce d6tecteur (284, 286), 

(h) des moyens (272) pour appliquer un poten- 
tiel electrique a travers ce lit de resine echan- 
geuse d'ions de ce second extracteur (266), et 

(i) des moyens de soupape (262, 270) conte- 
nant une premiere et une seconde position de 
la soupape, cette premiere position de la sou- 
pape permettant un courant de liquide prove- 
nant de ce reservoir d'eluant, a travers ce 
moyen de separation chromatographique 
(258), ce lit de rSsine 6changeuse d'ions de ce 
premier extracteur (276), ce detecteur (284, 
286) et ce lit de resine echangeuse d'ions de 
ce second extracteur (266) et cette seconde 
position permettant au courant de liquide pro- 
venant de ce reservoir d'eluant, a travers ce lit 
de rSsine 6changeuse d'ions de ce second ex- 
tracteur (266), ce detecteur (284, 286) et ce lit 
de r6sine echangeuse d'ions de ce premier ex- 
tracteur (276), grace a quoi, lorsde I'utilisation, 
dans cette premiere position de la soupape, les 
ions presents dans une solution d'echantillon 
sont s6par6s dans ce moyen de separation 
chromatographique (258) et transport's dans 
cet eluant k travers ce lit de resine echangeuse 
d'ions de ce premier extracteur (276) dans le- 
quel cet electrolyte est amen6 sous une forme 
faiblement ionis6e au cours de I'extractlon, a 
travers ce detecteur (284, 286) dans lequel ces 
ions sont d6tect6s et a travers ce lit de r6sine 
echangeuse d'ions de ce second extracteur 
(266) et dans cette seconde position de la sou- 
pape, la solution d'6luant s'6coule au moins a 



10 



TS 



20 



25 



30 



35 



40 



45 



SO 



55 



travers ce lit de resine echangeuse d'ions de 
ce second extracteur (266), et ce lit de resine 
. echangeuse d'ions de ce premier extracteur 
(276), et ce moyen d'application (272) 6tant ca- 
pable d'appliquer ce potentiel electrique a tra- 
vers ce lit de resine echangeuse d'ions de ce 
premier extracteur (276) pour r6g6n6rer celui- 
ci avec ce moyen de soupape dans cette se- 
conde position de la soupape. 

1 3. Appareil selon la revendication 1 2, dans lequel, lors 
de I'utilisation, avec ce moyen de soupape dans cet- 
te seconde position de la soupape, I'eiuant s'6coule 
de ce resen/oir d'eluant a travers ce moyen de se- 
paration chromatographique (258) vers ce lit de re- 
sine echangeuse d'ions de ce second extracteur 
(266), 

14. Appareil selon la revendication 12, dans lequel ce 
moyen d'application (272) est capable d'appliquer 
ce potentiel electrique a travers ce lit de resine 
echangeuse d'ions de ce second extracteur (266) 
avec ce moyen de soupape dans cette premiere po- 
sition de soupape. 

15. Appareil selon la revendication 11, comprenant en 
outre 

(g) un second reservoir (176) pour contenir de 
I'eau qui est en communication avec ce premier 
extracteur (162), 

(h) un moyen de soupape ( 1 70, 1 72) contenant 
une premiere et une seconde positions de la 
soupape, cette premiere position de la soupape 
permettant au liquide de s'ecouler de ce pre- 
mier reservoir, a travers ce moyen de separa- 
tion chromatographique (158), ce lit de resine 
echangeuse d'ions de ce premier extracteur 
(1 62) etce detecteur (166, 168), et cette secon- 
de position permettant au cours de liquide de 
s'ecouler de ce second reservoir (176), a tra- 
vers ce lit de resine echangeuse d'ions de ce 
premier extracteur (162), grace a quoi, lors de 
I'utilisation, dans cette premiere position de la 
soupape, les ions d'une solution d'echantillon 
sont separes dans ce moyen de separation 
chromatographique (158) et transportes dans 
cet eiuant a travers ce lit de r6sine echangeuse 
d'ions de ce premier extracteur (162) dans le- 
quel cet electrolyte est amene sous une forme 
faiblement dissociee au cours de I'extraction, 
et a travers ce detecteur (1 66, 1 68) dans lequel 
les ions sont detectes, et dans cette seconde 
position de soupape, I'eau provenant de ce se- 
cond r6sen/oir (176) s'ecoule au moins a tra- 
vers ce lit de resine echangeuse d'ions de ce 
premier extracteur (162), ce moyen d'applica- 
tion (1 64) etant capable d'appliquer ce potentiel 
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electrique k travers ce lit de resine 6changeuse 
d'ions de ce premier extracteur (162) pour r6- 
generer celui-cl avec ce moyen de soupape 
dans cette seconde position de la soupape. 

s 

16. Extracteur pour I'utllisation dans un appareil pour 
I'analyse d'ions dans une solution d'6chantillon li- 
qulde, cet extracteur comprenant un boTtier d'ecou- 
lement (200, 202), un lit de resine 6changeuse 
d'ions de I'extracteur (220) dispos6 dans ce bottler io 
(200, 202), et des moyens (214, 216, 218) pourap- 
pliquer un potentiel electrique k travers ce lit de re- 
sine 6changeuse d'ions de I'extracteur (220), grSce 
k quoi, lors de I'utilisation, I'eau presente dans un 
courant aqueux s'ecoulant est 6lectrolysSe et cette »s 
resine 6changeuse d'ions de I'extracteur (220) est 
r6g6n6r6e aprfes utilisation pour supprimer I'^lectro- 
lyte dans un courant d'eluant. 
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Figure 1 
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Rgure 2 



150 




T 

Waste 



18 



;_218 
[— 216 



EP 0 758 449 B1 



Figure 4 




20 



EP 0 758 449 B1 




21 



EP 0 758 449 B1 




22 



EP 0 758 449 B1 



Figure 7 
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Figure 8 
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